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(57) ABSTRACT

A gearbox for a motor vehicle including a plurality of
forward gear ratios and at least one reverse gear ratio. The
gearbox including an electro-hydraulic actuation unit con-
figured for selection and engagement of the gear ratios. The
gearbox comprises a first hydraulic pump and a second
hydraulic pump. The first hydraulic pump is driven in
rotation by an electric motor and is configured for supplying
hydraulic fluid taken in from a first intake environment to
said electro-hydraulic actuation unit. The second hydraulic
pump is driven in rotation by an engine of said motor vehicle
and is configured for supplying hydraulic fluid taken in from
a second intake environment to said gearbox, for lubrication
thereof, and to said first intake environment.

12 Claims, 8 Drawing Sheets
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1
GEARBOX FOR A MOTOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to European Application
No. 13153298.8 filed on Jan. 30, 2013, the entire disclosure
of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a gearbox for a motor
vehicle including a plurality of forward gear ratios and at
least one reverse gear ratio, said gearbox including an
electro-hydraulic actuation unit configured for the selection
and engagement of said gear ratios, the gearbox comprising
a first and a second hydraulic pump, wherein:

the first hydraulic pump is driven in rotation by an electric
motor and is configured for supplying a hydraulic fluid,
taken from a first intake environment to said electro-hydrau-
lic actuation unit; and

the second hydraulic pump is driven in rotation by an
engine of said motor vehicle. Gearboxes of the above type
are known for example, from the document No, U.S. Pat.
No. 8,042,672 B2.

BACKGROUND OF THE INVENTION

In the automotive industry, a by now consolidated choice
is that of providing an automatic transmission as equipment
for an increasingly larger number of automobiles. Of par-
ticular interest are transmissions that envisage the use of an
electro-hydraulically or electromechanically actuated gear-
box. Transmissions of the former type, which are more
relevant to the invention in question, are represented by an
embodiment provided by way of example in FIG. 1. In this
figure, the reference number. 1 designates a gearbox of a
known type proposed by the present applicant, which com-
prises a first casing 2 designed to house a clutch assembly,
a second casing 4 designed to house the primary and
secondary shafts of the gearbox (or, as in the case of the
embodiment illustrated herein, to house the two primary
shafts and the two secondary shafts, it being a double-clutch
gearbox), and an electro-hydraulic actuation unit designated
as a whole by the reference number 6.

The electro-hydraulic actuation unit 6 includes a plurality
of valve assemblies that regulate the oil flow to hydraulic
actuators so as to carry out the operations of selection and
engagement of the forward and reverse gear ratios of the
gearbox 1.

Co-operating with the electro-hydraulic unit 6 is a hydrau-
lic pump 8, driven via an electric motor, which intakes oil
from a tank 10 set at the top of the casing 4. The pump 8
intakes an oil flow from the tank 10 and delivers it to the
valve assemblies within the unit 6 and, simultaneously, to an
accumulator 11 and—through the control of the valve
assemblies within the electro-hydraulic actuation unit 6—to
a first hydraulic line 12 and a second hydraulic line 14 that
each lead to an actuator device of a corresponding clutch.

Afirst actuator device designated by the reference number
13 receives fluid from the line 14 and is configured for
actuation of a first clutch of the gearbox 1, whereas a second
actuator device, which receives fluid from the line 12, is
configured for actuation of a second clutch of the gearbox 1
but is set inside it and is not visible in the figure.

As is known, the provision of an electrically driven
hydraulic pump is necessary since it enables maintenance of
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the supply of hydraulic fluid to the electro-hydraulic unit 6
and hence to the actuators that manage selection and engage-
ment of the gears even in conditions of engine stop of the
motor vehicle on which the gearbox 1 is installed, for
example, as a consequence of activation of the so-called
“start and stop” and “free wheel” functions.

The solution illustrated in FIG. 1, of a known type and
proposed by the present applicant, is liable to present certain
drawbacks. In particular, it has a certain number of hydraulic
lines arranged externally with respect to the ensemble of the
casings 2 and 4, which renders the system more exposed to
risks of damage caused by the action of external agents.
Furthermore, the components necessary for creating external
hydraulic lines for pressurized fluid entail a non-negligible
impact on the production costs.

In the second place, in the known solution illustrated, the
unit 6 uses, as hydraulic fluid, an oil that is stored in a
separate tank (the tank 10), which is located outside the
casings 2 and 4 and is different from the one that provides
for lubrication of the gearbox.

It is evident that in this way an additional component is
required (the tank 10), as well as an additional operation of
assembly of the tank itself, with consequent increase in the
costs and need to adopt different solutions for handling and
moving the gearbox 1 on a production line.

The ensemble of the above complications leads in practice
to higher production costs and greater drawbacks during
assembly and handling of the gearbox 1.

Furthermore, the known solution represented in FIG. 1 is
suited in particular for use on gearboxes of the double-clutch
type in which the clutch assembly is of the dry type.

The inventors have, however, noted that the layout of the
electro-hydraulic actuation system of FIG. 1 is somewhat
inconvenient in the case where it were to be applied to a
gearbox, in particular of a double-clutch type, where the
clutch assembly is of the multidisc, wet, type.

OBIJECT OF THE INVENTION

The object of the present invention is to solve the tech-
nical problems mentioned previously. In particular, the
object of the invention is to provide a gearbox, preferentially
of the double-clutch type, where the arrangement of the
components of the electro-hydraulic system is optimized so
as to minimize the production costs and the difficulties
during assembly, and which is moreover particularly advan-
tageous in the case where the clutch assembly of the gearbox
is of the wet multidisc type.

SUMMARY OF THE INVENTION

The object of the invention is achieved by a gearbox,
which has all the characteristics indicated at the start of the
present description and is moreover characterized in that the
second pump is configured for supplying hydraulic fluid
taken in from a second intake environment to said gearbox,
for lubrication thereof, and to said first intake environment.

BRIEF DESCRIPTION OF THE FIGURES

The invention will now be described with reference to the
annexed figures, which are provided purely by way of
non-limiting example and in which:

FIG. 1, which has been described previously, is a per-
spective view of a gearbox of a known type;
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FIG. 2 is a perspective view substantially corresponding
to that of FIG. 1 but illustrating a gearbox according to a
preferred embodiment of the invention;

FIG. 3 is a longitudinal section of the gearbox of FIG. 2
obtained as ensemble of false cross-sectional views;

FIG. 4 is a schematic view of a first portion of an
electro-hydraulic system of the gearbox of FIG. 2;

FIG. 5 is a view of a second portion of the electro-
hydraulic system already illustrated in FIG. 4;

FIG. 6 is a view according to the arrow VI of FIG. 2
illustrating schematically a route of the hydraulic fluid
within the gearbox forming the subject of the invention;

FIGS. 7 and 8 are perspective views similar to that of the
gearbox of FIG. 2, each of which illustrates a different route
of the hydraulic fluid within the gearbox forming the subject
of the invention; and

FIG. 9 is a partially sectioned view of a clutch assembly
of the gearbox forming the subject of the invention, which
illustrates a further route of the hydraulic fluid.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

In FIG. 2 the reference number 100 designates a gearbox
according to a preferred embodiment of the invention. The
gearbox 100 includes a first casing 102 housed in which is
a clutch assembly and a second casing 104 within housed in
which are the primary and secondary shafts.

In the preferred embodiment illustrated herein the gear-
box 100 is of the double-clutch type with clutch assembly of
the multidisc wet type and consequently comprises two
primary shafts arranged sharing a first axis XP and two
secondary shafts, parallel to one another and to the primary
shaft XP, arranged coaxially to a second axis XS1 and a third
axis XS2 (see also FIG. 3). Moreover fixed to the casing 104
is an electro-hydraulic actuation unit 106, which is coupled
to a first hydraulic pump 108. A second hydraulic pump 110
is, instead, connected to the casing 104 substantially in
correspondence of the axis XP and the primary shafts.
Finally, installed on the bottom of the casing 104 is an oil
sump designated by the reference number 112.

With reference to FIG. 3, a first hollow primary shaft P1
is arranged coaxially to the axis XP and is operatively
connected to a first clutch C1; housed inside the primary
shaft P1 and rotatably mounted with respect thereto is a
second primary shaft P2 operatively connected to a second
clutch C2 having a greater diameter than the clutch C1 and
substantially surrounding, the latter. The two clutches C1,
C2 define a clutch assembly of the gearbox 100, are housed
inside the casing 102, and are operatively connected to a
flywheel FW (in particular to a clutch-damper device),
which is in turn connected in rotation to the engine of the
vehicle on which the gearbox 100 is installed.

The primary shaft P1 carries a plurality of gears fixed to
it in rotation and associated to forward gear ratios of even
order of the gearbox 100, whereas the primary shaft P2
carries a plurality of gears, which are also connected in
rotation to it and are associated to forward gear ratios of odd
order.

Rotatably mounted so as to share the axes XS1 and XS2
are a first secondary shaft S1 and a second secondary shaft
S2 parallel to one another and to the primary shafts P1, P2,
each of which carries a plurality of gears mounted idle and
meshing with corresponding gears rigidly connected in
rotation to the primary shaft P1 or P2 (because they are fitted
on them or made of a single piece with them) for defining the
forward and reverse gear ratios.
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More in particular, the gearbox 100 comprises seven
forward gear ratios and one reverse gear ratio (even though
solutions in which a number of reverse gear ratios are
envisaged are technically possible). All the gear ratios can be
identified by means of the pairs of gears that will be
hereinafter described in detail and are designated by pro-
gressive Roman numbers for each forward gear plus the
reference RM for the reverse gear.

A first forward gear ratio (first gear, 1) is defined by the
meshing of a gear 114 made in a single piece with the
primary shaft P2 and a gear 116, which is mounted idle on
the secondary shaft S1 and can be connected in rotation to
the latter by means of a first synchronizer S1/5.

A second forward gear ratio (second gear, II) is defined
instead by the meshing of a gear 118 made in a single piece
with the primary shaft P1 and a gear 120, which is mounted
idle on the secondary shaft S2 and can be connected in
rotation thereto by means of a second synchronizer S2/6.

A third forward gear ratio (third gear, I1I) is defined by the
meshing of a gear 122 connected in rotation to the primary
shaft P2 and a gear 124, which is mounted idle on the
secondary shaft S2 and can be connected in rotation thereto
by means of a third synchronizer S3/7.

A fourth forward gear ratio (fourth gear, IV) is defined by
the meshing of a gear 126 made in a single piece with the
primary shaft P1 and a gear 128, which is mounted idle on
the secondary shaft S1 and can be connected in rotation
thereto by means of a fourth synchronizer S4/R.

A fifth forward gear ratio (fifth gear, V) is defined by the
meshing of a gear 130 connected in rotation to the primary
shaft P2 and a gear 132, which is mounted idle on the
secondary shall S1 and can be connected in rotation thereto
by means of the synchronizer S1/5 referred to previously.

A sixth forward gear ratio (sixth gear, V1) is defined by the
meshing of the gear 126 and a gear 134, which is mounted
idle on the secondary shaft S2 and can be connected in
rotation thereto by means of the synchronizer S2/6.

A seventh forward gear ratio (seventh gear, VII) is defined
by the meshing of the gear 130 and a gear 136, which is
mounted, idle on the secondary shaft S2 and can be con-
nected in rotation thereto by means of the synchronizer S3/7.

Finally, a reverse gear ratio (reverse gear, RM) of the
gearbox 100 is defined by the meshing of the gear 118 with
the gear 120, which is in turn connected in rotation to a gear
sleeve 140, which is rotatably supported (i.e., is mounted
idle) on the secondary shaft S2, thus rendering also the gear
120 idle with respect to the secondary shaft S2. The gear
sleeve 140 in turn meshes with a gear 142, which is mounted
idle on the secondary shaft S1 and can be connected in
rotation thereto by means of the synchronizer S4/R.

The ensemble of the gear sleeve 140 and of the gear 120
hence have only the function of transmission of the motion
(and of reversal of the motion) towards the gear 142, which
hence enables transmission of the movement in a direction
opposite to the forward direction thanks to the engagement
of the synchronizer S4/R.

The secondary shafts S1 and S2 moreover terminate, on
one and the same side, With respective output pinions Ul,
U2, which mesh with a crown wheel CW of a differential D,
by means of which the motion is transmitted to the drive
wheels. The differential D is likewise housed in a portion of
the casing 104.

The two secondary shafts S1 and S2 are hence output
shafts of the gearbox 100 and transmit the motion from the
engine to the differential through the output pinions U1 (and
clearly the forward and/or reverse gear ratios).
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On the secondary shaft S1 a further gear is present
connected in rotation thereto and designated by the reference
144, which forms part of a mechanism for blocking the
gearbox, which can be activated when the vehicle is parked
(parking lock).

At the top in the representation of FIG. 3 there may be
seen in cross section the electro-hydraulic actuation unit
106, which controls a plurality of hydraulic actuators (as will
be described in detail hereinafter), which are configured for
moving a plurality of fork actuation devices, which are here
designated as a whole by the reference F and each of which
is associated to a corresponding one of the synchronizers
S1/5, S2/6, S3/7, and S4/R.

With reference once again to FIG. 3, it should be noted
that, according to an advantageous aspect of the invention,
the primary shaft P2 is also made hollow and housed inside
it, in a position sharing the axis XP, is a transmission rod
designated by the reference number 146. The transmission
rod 146 is connected in rotation to the flywheel FW of the
engine of the motor vehicle on which the gearbox 100 is
installed and, at the opposite end, is connected in rotation to
a first rotor R1 of the second hydraulic pump 110. The
hydraulic pump 110, in the embodiment represented here, is
in fact of the double-rotor external-gear type, where the rotor
R1 is the driving rotor, whereas a second rotor R2 constitutes
the driven rotor. Both of the rotors R1 and R2 are housed
inside the casing of the pump 110, which is fixed to the
casing 104, as may be seen in FIGS. 3 and 2.

The rigid connection in rotation of the rotor R1 to the
flywheel FW ensures that the hydraulic pump 110 is always
driven in rotation by the engine of the vehicle on which the
gearbox 100 is installed, even when one or both of the
clutches C1 and C2 are open or the gearbox is in the neutral
position.

With reference to FIGS. 4 and 5, a system for electro-
hydraulic control of the gearbox 100 will now be described
With the aid of the schematic circuit illustrations appearing
therein.

In the case in point, FIG. 4 includes a schematic circuit
illustration of a first section of the electro-hydraulic system
of the gearbox 100 (in particular, of the circuit of the
electro-hydraulic actuation unit 106 and of the first hydraulic
pump 108), whereas FIG. 5 contains a schematic circuit
illustration of a second section of the electro-hydraulic
system of the gearbox 104 (in particular, of the second
hydraulic pump 110 and of the members of the gearbox).
The dashed and double-dotted box that encloses FIG. 4
defines substantially the boundaries of the electro-hydraulic
unit 106 (pump 108 excluded).

With reference to FIG. 4, the first hydraulic pump 108 is
driven in rotation by means of an electric motor designated
as a whole by the reference M and comprises an intake port
hydraulically connected to a first intake environment 1060,
which is constituted by a drainage volume of the electro-
hydraulic actuation unit 106 itself.

A delivery port of the pump 108 is instead hydraulically
connected to a filtering assembly 148 including a filter 150
and a one-way bypass valve that prevents blocking of the oil
flow in the event of clogging of the filter. Arranged down-
stream of the filtering assembly 148 is a second one-way
valve 154 that prevents emptying of the hydraulic circuit
downstream thereof. Downstream of the valve 154 branch-
ing off from a node 156 is a hydraulic line that leads to an
accumulator 158, which is visible also in FIG. 2 designated
by the same reference number and is functionally similar to
the accumulator 11 of the gearbox of FIG. 1.
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Branching off from the node 156 is also a first manifold
line 160, from whose nodes, in turn, five hydraulic lines
branch off which lead to as many proportional solenoid
valves designated by the references PPVS, PPV1, PPV2,
PPV-C2 and PPV-C1.

Each of the aforementioned solenoid valves leads out onto
a second manifold line 162 which, unlike the line 160,
manages a flow of hydraulic fluid discharged towards the
intake environment 1060 through a return line 164.

It should moreover be noted that the lines 160, 162 are
associated to portions at different pressure within the
hydraulic circuit of the unit 106, which constitutes in general
a high-pressure section of the electro-hydraulic system of
the gearbox 100.

This is witnessed by the fact that a pressure-limiting valve
166 is inserted precisely astride of the lines 160 and 162 with
a direction of flow that corresponds to the discharge of flow
from the environment associated to the line 160 to the
environment to which also the line 162 is associated, since
the pressure on the line 160 is higher than the pressure on the
line 162 (practically equal to ambient pressure).

The solenoid valves PPVS, PPV1 and PPV2 are hydrau-
lically and operatively connected to a distribution valve DV
with five ways and four positions, all of which doubled. In
particular, the valve PPVS controls a driving line 168 that
acts on a surface of influence of the distribution valve DV
and enables switching thereof (i.e., carries out movement of
a moving element thereof) against the action of an elastic
element 170.

The valves PPV1 and PPV2 control the flow of hydraulic
fluid in hydraulic lines that are alternatively connected to the
chambers of corresponding actuators A1/5, A2/6, A3/7 and
A4/R. The reference for each actuator represents the asso-
ciation with the fork actuation elements of the synchronizers
bearing a corresponding numbering. Each of the aforesaid
actuators comprises a moving element 172 bearing at the
ends a pair of plungers 174 in turn inserted in chambers 176,
leading into which are hydraulic lines that can be managed
by the distribution valve DV.

Finally, the solenoid valves PPV-C2 and PPV-C1 control
the flow rate of hydraulic fluid towards actuation elements of
the clutches C2 and C1, respectively. With reference to
FIGS. 4 and 5, the electro-hydraulic actuation unit 106,
which defines a high-pressure section of the electro-hydrau-
lic system of the gearbox 100, hence includes three connec-
tion interfaces with the low-pressure section, which are here
associated to the letters A, B, C, each associated to distinct
hydraulic lines.

In particular, the interface designated by the letter A is
associated to a hydraulic line connected to the valve PPV-
C1, the interface designated by the letter B is associated to
a hydraulic line connected to the valve PPV-C2, moreover
installed on which is a pressure transducer 178.

The interface designated by the letter C is, instead,
associated to a hydraulic line which leads directly to the
intake environment 1060, i.e., the drainage environment of
the actuation unit 106.

With reference to FIG. 5, the second hydraulic pump 110
is driven in rotation, via the transmission rod 146, by the
engine, preferentially a thermal engine, by the motor vehicle
on which the gearbox 100 is installed.

The pump 110 includes an intake port, which is hydrau-
lically connected to a second intake environment, which is
defined by the oil sump 112 already described with reference
to FIG. 2. A filtering element 180 is preferentially set
between the intake port of the pump 110 and the intake
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environment 112. The delivery of the hydraulic pump 110
leads, instead, onto a node 182 from which there depart three
distinct hydraulic lines:

a first hydraulic line, on which a pressure-relief valve 184
is inserted and which returns directly to the oil sump
112,

a second hydraulic line designated by the reference 186,
which leads, in an axial direction, to the primary shafts
P1, P2 and to the secondary shafts S1 and S2, all of
which are hollow for the lubrication thereof and for
lubrication of the gears of the gearbox 100; and

a third hydraulic line, interposed on which is a pressure-
reducer solenoid valve 188 (preferentially set upstream
of which is a filter 190, visible also in FIG. 2) which
leads out onto the interface designated by the letter C
and a heat exchanger for the oil designated by the
reference number 192.

Departing moreover from the heat exchanger 192 is a line
194 that conveys hydraulic fluid to the clutch assembly for
lubrication and cooling of the clutches C1, C2.

It should be noted that also in FIG. 5 the interfaces A, B,
C appear in order to emphasize further the connection and
continuity between the two circuits, which only fix reasons
of space cannot be reproduced on one and the same sheet of
drawings.

Proceeding from top down, departing from the interfaces
A, B are two clutch-actuation hydraulic lines CAL1 and
CAL2 which convey hydraulic fluid for actuation of the
clutches C1 and C2, respectively. A pressure transducer 196
is preferentially set on the line CAL1.

It should once again be noted that the hydraulic line
downstream of the pressure-reducer valve 188 coincides
with the hydraulic line that goes directly to the intake
environment 1060.

With reference to FIG. 9, the clutch assembly will now be
described structurally in detail, and in particular a compo-
nent that makes it possible to send pressurized fluid to
actuators of each of the clutches C1, C2.

The clutch C2 comprises a drum DR2 connected in
rotation to the flywheel FW (in particular to a clutch-damper
element mounted thereon). The drum DR2, which is in turn
connected in rotation with a rotary distributor 198, includes
a plurality of sets of holes reproduced circumferentially
thereon and in which each set includes:

a first radial hole 200 and a second radial hole 202;

a first axial hole 204 and a second axial hole 206 in fluid
communication with the first and second radial holes
200, 202, respectively; and

a third radial hole 208 and a fourth radial hole 210 in fluid
communication with the first and second axial channels
204, 206, respectively.

The hole 208 of each set is in fluid communication with

a first pressurized fluid chamber of an annular shape desig-
nated by PC2 and defined between a collar 212 fitted on the
rotary distributor 198 and a pressure element 214, Which is
configured for compressing a disk pack D2 of the clutch C2.
A pair of O-rings designated by the reference OR are
arranged one in a groove made on the ring 212 at the
interface with the pressure element 214 and the other in a
groove made on the rotary distributor 198, once again at the
interface with the pressure element 214 so as to guarantee
fluid tightness of the chamber PC2, An actuator assembly for
the clutch C2 is thus defined.

The disk pack D2 comprises a plurality of disks connected
in rotation to the drum DR2, and the remaining disks
(preferentially those bearing the friction gaskets) are con-
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nected in rotation to a hub H2 of the clutch C2, Which is in
turn connected in rotation to the primary shaft. P2 by means
of a grooved profile.

The clutch C1, like the clutch C2, comprises a drum DR1,
which is fitted on, and connected in rotation to, the rotary
distributor 198 in a position corresponding to the drum DR1;
the hole 210 of each assembly is in fluid communication
with a second pressurized fluid chamber designated by PC1
and defined by a ring 216 fitted on the rotary distributor 198
together with the drum DR1 and by a pressure element 218
of the clutch C1.

In a way similar to what has already been described for
the clutch C2, a pair of O-rings designated by OR are housed
in a groove made on the ring 216 at the interface with the
pressure element 218 and in a groove made on the rotary
distributor 198 once again at the interface with the pressure
element 218 so as to guarantee tightness for the hydraulic
fluid within the chamber PC1. In the same way as for the
clutch C2, an actuator assembly for the clutch C1 is thus
defined.

The pressure element 218 is itself configured for applying
an axial pressure on a disk pack D1 of the clutch C1. The
disk pack D1 includes a plurality of disks connected in
rotation to the drum DR1 and the remaining disks (prefer-
entially those provided with friction gaskets) are connected
in rotation to a hub H1 of the clutch C1, which is in turn
connected in rotation to the primary shaft P1 by means of a
splined coupling.

The pressure element 214 of the clutch C2 is kept in the
resting position (which corresponds to a condition of open-
ing of the clutch C2) by means of a diaphragm spring SP2,
which bears on the pressure element 214 itself and on the
drum DR1 of the clutch C1.

The pressure element 218 of the clutch C1 is, instead, kept
in the resting position (which corresponds to a condition of
opening of the clutch C1) by means of a pack of springs SP1,
which are preferentially cylindrical and are arranged with
axial orientation.

From the above description, it may hence be appreciated
that the two clutches C1 and C2 are of the normally open
type.

Finally, it should be noted that the ensemble of the two
drums DR1 is DR2 carried by the rotary distributor 198 is
able to rotate with respect to the primary shaft P1 thanks to
roller cages set between them.

Operation of the gearbox 100 is described in what fol-
lows.

With reference to FIG. 4 and to FIG. 5, as already
mentioned the components represented therein define,
respectively, a high-pressure section of the system for
hydraulic actuation of the gearbox 100 (FIG. 4) and a
low-pressure section of the aforesaid system (FIG. 5). The
hydraulic fluid used is oil, and is the same for the two
sections of the circuit. Except where otherwise specified, in
the description the terms “hydraulic fluid” and “oil” are used
with the same meaning.

As regards the flow rates of hydraulic fluid that traverse
the two sections, the low-pressure section processes a high
flow rate of hydraulic fluid, whereas the high-pressure
section processes a lower flow rate of hydraulic fluid, which
is substantially necessary just for supply of the actuators
A1/5,A2/6, A3/7 and A4/R plus the actuators of the clutches
C1, C2 (chambers PC1, PC2).

During operation of the vehicle on which the gearbox 100
is installed, the first hydraulic pump 108 is driven in rotation
by the electric motor M and is configured for supplying the
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electro-hydraulic actuation unit 106 with hydraulic fluid
taken in from the first intake environment 1060.

In particular, the pump 108 supplies oil under pressure to
the accumulator 158, which functions as energy reserve in
the transients, and to the first manifold line 160 for supply
of the proportional valves PPVS, PPV1, PPV2, PPV-C2 and
PPV-C1.

The modalities with which the distributor DV and the
proportional valves are actuated are in themselves known
and will not be described any further. It will suffice, for the
purposes of the present description, to point out that each
proportional valve has a resting (or discharge) operating
position, where the hydraulic fluid is delivered from the
environment downstream thereof (i.e., from the environment
that comprises the distributor DV and the four actuators)
towards the return line 164, and a working (or delivery)
position, which is assumed by energizing the corresponding
solenoid and in which a delivery of hydraulic fluid from the
manifold line 160 to the respective user is enabled.

In the case of the valves PPV-C2 and PPV-C1, the
delivery of hydraulic fluid is in the direction of the clutch
assembly. In particular, through the clutch-actuation hydrau-
lic lines CAL2 and CAL1 the pressurized hydraulic fluid
goes, respectively, to the holes 200 and 202. From these it
reaches, through the respective channels 205, 204, the holes
208, 210 and, from the latter, the corresponding pressurized
fluid chambers PC2 and PC1.

Given that the clutches C1, C2 are of the normally open
type, in order to keep them in the closed position and enable
transmission of motion to the wheels of the vehicle it is
essential to keep the fluid within the chambers PC1 or PC2
under pressure.

Countering the action exerted by the fluid in the chambers
PC1 and PC2 are the springs SP1 and SP2 described
previously.

As regards the low-pressure section, with reference to
FIG. 5, the second hydraulic pump 110 is driven in rotation
by the engine of the vehicle through the transmission rod
146 and is configured for drawing off a flowrate of hydraulic
fluid from the oil sump 112 that is much greater than the one
processed by the pump 108.

The pump 110 supplies a part of the flowrate of fluid taken
in from the sump 112 to the gearbox for lubrication thereof.

Exploiting in fact the hollow geometry of each of the
shafts of the gearbox P1, P2 and S1 and S2, the hydraulic
fluid is sent axially inside the shafts in such a way that it can
diffuse radially through a plurality of radial holes provided
on the walls of the shafts themselves, thus lubricating the
gears and the shafts of the gearbox.

The part of flow that does not reach, in the axial direction,
the shafts P1, P2, S1 and S2 for lubrication of the gearbox
is, instead, delivered by the pump 110 through the filter 190
and through the pressure-reducer valve 188, from where it
further divides into a second part, which goes to the heat
exchanger 192 and to the line 194 and consists in the
flowrate of hydraulic fluid for lubrication and cooling of the
clutch assembly, and a third part, which is supplied directly
to the first intake environment 1060.

It should be noted that the flow of hydraulic fluid pro-
cessed by the pump 110 which is for lubrication and cooling
of the clutch assembly is sent through an intake port, located
up against the rotary distributor 198. All the fluid that
lubricates the shafts and the gears of the gearbox and that
lubricates and cools the clutch assembly is finally sent to the
sump 112 and from there is recirculated by the pump 110.

It should hence be noted that the pump 110 has the dual
function of supplying the gearbox with oil for lubrication
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and cooling of the clutch assembly but has also the function
of delivering a part of the oil flow towards the intake of the
first pump 108, thus preventing the need for the latter to be
provided with an external tank. This consequently solves
one of the problems mentioned at the start of the description,
in so far as it thus becomes possible to eliminate the tank set
at the top of the casing 104 and reduce to the bare minimum
the number and length of the external pipes, with consequent
considerable reduction of the costs and risks of damage.
There is moreover no longer the need to use two different
oils inside the gearbox (one for lubrication, and one for
actuation), as instead happens in the gearbox 1.

In addition, by exploiting the cavity within the primary
shaft P2 for housing the transmission rod 146, it is possible
to eliminate the external actuator device for the clutches C1
and C2 present in the gearbox 1 of a known type and it is
hence possible to eliminate also the corresponding external
piping. The oil is thus routed through a path inside the casing
104, which does not entail all the drawbacks described
previously.

Reference may be made for this purpose to FIGS. 6, 7, and
8, which illustrate a portion of the gearbox 100 viewed from
outside in which the route of the oil in the low-pressure
section of the gearbox 100 has been highlighted with a arrow
with a chequered pattern. The arrangement of the arrows
reproduces with sufficient approximation that of the chan-
nels inside the casing 104 in which the hydraulic fluid
passes.

In particular, it should be noted starting from the bottom
of FIG. 6, that the first arrow designated by 01 represents the
delivery of oil from the sump 112 to the intake of the second
pump 110; a second arrow designated by 02 and a third
arrow designated by 03 indicate, instead, the delivery of oil
from the pump 110 to the filter 190.

The arrows 04 and 05 indicate the route of the oil inside
the filter 190 (inlet/outlet respectively), whereas a last arrow
06, visible also in FIG. 7 indicates the inlet of oil into the
intake environment 1060 of the electro-hydraulic actuation
unit 106. An arrow 06' in FIG. 8 indicates, instead, the part
of flow that goes to the rotary distributor 198 for lubrication
and cooling of the clutch assembly.

Once again in FIG. 8 there may be appreciated:

the routes of the hydraulic fluid coming from the electro-

hydraulic actuation unit 106 for supply of the
sequences of holes 200-204-208 (CAL2) and 202-206-
210 (CAL1) and hence of the chambers PC2, PC1 for
actuation of the clutches C2, C1; and

the route of the hydraulic fluid delivered by the pump 110

through the line 194 for cooling and lubrication of the
clutches C1, C2.

For the above purpose it should be noted that the arrow
with a squared pattern is associated to the hole 202 and
hence to supply of the chamber PC2, whereas the arrow with
awavy pattern is associated to the oil that enters the hole 202
and then goes into the chamber PC1.

Basically, the arrows with a chequered pattern, a squared
pattern, and a wavy pattern of FIG. 8 indicate, respectively,
the path of the hydraulic fluid in the lines 194, CAL2 and
CAL1.

The arrow 06 of FIG. 7 indicates, instead, the line that
goes the tank 1060 of FIG. 4.

In summary, the electro-hydraulic system of the gearbox
100 is characterized by the presence of two sections:

the first, at a high pressure (and low flowrates), forming

part of which are the pump 108 and the unit 106, where
the flow of hydraulic fluid processed by the pump 108
is exploited in part for the operations of selection and
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engagement of the gears via the electro-hydraulic
actuation unit 106, in particular through the valve DV
and the actuators A1/5, A2/6, A3/7, A4/R, and in part
for actuation of the clutches C1, C2 through the lines
CAL1 and CAL2 and the rotary distributor 198; and

the second, at a low pressure (and high flowrates), form-
ing part of which is the pump 110, where the flow of
fluid processed by the pump 110 is exploited in part for
lubrication of the members of the gearbox, in part for
lubrication and cooling of the clutches C1, C2 through
the line 194, and in part is delivered to the intake
environment 1060 of the pump 108.

Advantageously, practically all of the aforementioned
lines are preferentially provided within the casings of the
components, as already mentioned. However, as in the case
of'the lines CAL1 and CAL2, it is possible for short stretches
thereof, as may be seen in FIG. 8, to develop on the outside
of the casings 102 and 104 but to have a position and a
length such as to render the risk of damage substantially
zero. The fact that there is no need to adopt pipes that are
external to the casings and have appreciable length more-
over enables reduction of the costs.

Of course, the details of the embodiments may vary
widely with respect to what has been described and illus-
trated herein, without thereby departing from the scope of
the invention, as defined by the annexed claims.

In particular, even though the preferred embodiment
exemplified herein envisages the use of a clutch assembly
with two multidisc wet clutches, it is possible to apply the
same electro-hydraulic system to dry clutches. Of course,
this applies in the case of both single-clutch and double-
clutch gearboxes.

In the case of double-clutch gearboxes with dry clutches
the layout of the system could be kept as such, and the lines
CAL1 and CAL2 could be arranged so as to carry out
actuation of the dry clutches. Clearly the line 194 and the
exchanger 192 would not be present. In the case of single-
clutch gearbox, either dry or wet, just one of the lines CAL1
or CAL2 would be sufficient. In the case where a dry clutch
is used, it is evident that the pump 110 could serve only for
delivering oil to the first hydraulic pump 108, it not being
necessary to cool and lubricate the clutch.

What is claimed is:
1. A gearbox for a motor vehicle including:
a plurality of forward gear ratios and at least one reverse
gear ratio,
an electro-hydraulic actuation unit configured for the
selection and the engagement of said gear ratios, the
gearbox comprising a first hydraulic pump and a sec-
ond hydraulic pump, wherein:
the first hydraulic pump is driven in rotation by an
electric motor and is configured for supplying
hydraulic fluid taken in from a first intake environ-
ment to said electro-hydraulic actuation unit;
the second hydraulic pump is driven in rotation by an
engine of said motor vehicle, and
said second hydraulic pump configured for supplying
hydraulic fluid taken in from a second intake environ-
ment to said gearbox, for lubrication thereof, and to
said first intake environment;
said first intake environment being a drainage volume of
said electro-hydraulic actuation unit;
said second intake environment being an oil sump fixed to
a casing of said gearbox;
wherein a delivery of the second hydraulic pump leads
onto a node wherefrom three distinct hydraulic lines
depart including:
a first hydraulic line, whereon a pressure-relief valve is
inserted and which returns to the oil sump;
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a second hydraulic line leading to shafts of the gearbox
for the lubrication thereof and for lubrication of the
gears of the gearbox; and

a third hydraulic line interposed on which is a pressure-
reducer solenoid valve, which leads to said first
intake environment.

2. The gearbox according to claim 1, comprising an
electro-hydraulic system including:

a high-pressure section, of which said first hydraulic
pump and said electro-hydraulic actuation unit form
part; and

a low-pressure section, of which said second hydraulic
pump forms part.

3. The gearbox according to claim 2, wherein said gear-
box has a clutch assembly including a first clutch and a
second clutch, and includes a first primary shaft and a
second primary shaft arranged coaxially and a first second-
ary shaft and a second secondary shaft, parallel to said first
and second primary shafts, each primary shaft being asso-
ciated to a corresponding clutch and carrying respective gear
wheels meshing with corresponding gear wheels of said first
and second secondary shafts for defining said forward-gear
and reverse-gear ratios.

4. The gearbox according to claim 3, wherein said first
and second primary shafts are hollow, wherein said first
primary shaft houses within it said second primary shaft, and
wherein said second primary shaft houses within it a trans-
mission rod connected in rotation to the engine of a motor
vehicle on which said gearbox is installed and connected in
rotation to a rotor of said second hydraulic pump for the
transmission of the motion from said engine to said second
hydraulic pump.

5. The gearbox according to claim 4, wherein said second
hydraulic pump is of the gear type and includes said rotor as
driving rotor and a further rotor as driven rotor.

6. The gearbox according to claim 3, wherein said clutch
assembly comprises a first wet multidisc clutch and a second
wet multidisc clutch mounted coaxially, wherein said first
multidisc clutch is associated to said first primary shaft and
is housed within said second multidisc clutch, said second
multidisc clutch being in turn associated to said second
primary shaft, each of the multidisc clutches having a
respective drum connected in rotation to a rotary distributor
rotatably mounted on said first primary shaft.

7. The gearbox according to claim 6, wherein the flow of
hydraulic fluid processed by said first pump is exploited in
part for the operations of selection and engagement of the
gears of said gearbox via said electro-hydraulic actuation
unit and in part for actuation of the clutches through the lines
and the rotary distributor.

8. The gearbox according to claim 6, wherein the flow of
fluid processed by said second pump is exploited in part for
lubrication of said gearbox, in part for lubrication and
cooling of the clutches, and in part is transferred to said first
intake environment.

9. The gearbox according to claim 8, wherein the portion
of flow processed by said second hydraulic pump that is
exploited for lubrication and cooling of the clutches is
delivered through an inlet port located up against said rotary
distributor.

10. The gearbox according to claim 6, wherein said rotary
distributor includes a plurality of sets of holes replicated
circumferentially thereon and wherein each set includes:

a first radial hole and a second radial hole;

a first axial channel and a second axial channel in fluid

communication with said first radial hole and said

second radial hole, respectively; and
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a third radial hole and a fourth radial hole in fluid
communication with said first and second axial chan-
nels, respectively.

11. The gearbox according to claim 10, wherein the third
and fourth radial holes of each of said sets are in fluid
communication with a respective pressurized fluid chamber
of an actuator of a corresponding one of said second clutch
and said first clutch.

12. The gearbox according to claim 11, wherein the
portion of flow processed by said first hydraulic pump that
is exploited for actuation of the clutches goes to each set of
said first and second radial holes through a first hydraulic
actuation line and a second hydraulic actuation line.
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